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CLAIMS 



1 . A process for the synthesis of polymers of the general formula: 



,CH2— |— CH2- 



m 



:-CH2-Z 



1 

conq)riang contacting: 
S (i) a vin^ monomer of the formula 

CH2 = CUV 
(ii) a vinyl-terminated compound of formula 



CH2 
Q 



Y 



and 

Ciii) free radicals, produced from a free radical source; and 
10 mcreaang the molar amount of polymers by one or both of: 

(a) decreaang the molar amount of (iii) for any given conversion of (i); 
and 

(b) decreaang the molar amount of (i) for any given conversion of (iii); 
wherein: 

15 Q is selected from the group H, R, OR, O2CR, halogen, CO2H, CO2R, CN, 
CONH2, CONHR and CONR2; 
U is selected from H and R; 

V is selected from R, OR, O2CR, halogen, COjH, CO2R, CN, CONHj, 
CONHR and CONR2; 

20 X is selected from H and R; 

Y is selected from R, OR, O2CR. halogen, CO2H, CO2R, CN, CONH2, 
CONHR and CONR2; 

Z is selected from the group H, SR», S(0)R, S(0)2R, R^ and R3; 
R is sdected from the group substituted and unsubstituted alkyl, aryl, aralkyl, 
25 alkaryl and organosilyl groups wherein the substituent(s) are independently 



28 



CA 02205030 1997-05-09 



W 96/15157 PCr/US9S/14428 

selected from the group carboxjd, epoxy, hydroxyl, alkoxy, amino and 
halogen; 

is selected from the group H, substituted and unsubstituted alkyl, ax^ 
aralkyl, alkai^ organ siljd wherein the substituent(s) are independently 
S sdected from the group cart>oxyl,epoxy, hydroxy!, alkoxy, amino an^ 

halogen; 

R2 is selected from the group free radical imtiator-derived fragments of 
substituted and unsubstituted alkyl, cydoall^ ar^ aralkjd, alkar^d, 
organosil^ alkoxyalkyl, alkoxyax^ sul&te groups wherem the substituent(s) 
10 are independently selected from R, OR^ O2CR, halogen, CO2H (and salts), 

CO2R. CN, CONH2, 

NH 

CONHR, CONR2, "^x^ JSj "^VlH 
H ^ 

r3 is selected from the group radical chain transfer agent-derived fragments of 
substituted and unsubstituted alkyl, cycloalkyl, aiyi, aralkji, alkaryl, 
1 S organosilyl, alkoxyalkjd, alkoxyaryl, and PR2 groups wherein the 

substituent(s) are independently selected from R, 0R^ SR, NR2. NHR, 
O2CR, halogen. COjH, COjR, CN, CONH2. CONHR, and CONR2; 

m and n are independently > 1; and 

when either or both of m and n arc greater than 1, the repeat units are the same 
20 or dififerent. 



2. A process accorcUng to Claim 1 wherein (i) is selected from one or more 
of following monomers, methyl methacr)date, ethyl methacrylate, propyl 
mcihacryhtte, but^ methacrylate, 2-ethylhexyi methacrylate isobomyl 

25 methacrylate, methaoylic add, t^nzyl methacrylate, phenyl meihacrylaic, 

methacr^onitrilc, alpha methyl styrcnc, methyl acrylatc, ethyl acrylaie, propyl 
aoylate, butyl acrylate, 2-ethylhex)i acrylate, isobomyl aaylate, acrylic acid, 
benzyl acrylate, phenyl aaylate, acrylonitrile, styrcne, funcuonal methacrylate, 
acrylates and styrene sdected from glycidyl methacrylate, 2-hydroxyethyl 

30 methacrylate, hydroxypropyl methacrylate, hydroxybutyl methacr>4ate, 

dietfaj^aminoethjd methacrylate, trietfaylen^col methacrylate, itaconic anhydride, 
ttaconic add, glyddyl acrylate, 2.hydroxyethyl acrylate, hydroxypropyl acrylate, 
hydroxybutyl acrylate, diethylaminoethyl acrydatc, triethyleneglycol acrjdate, 
methacrylamide, N-tert-butyi methacrjdamide, N-n-butyl methacrylamide, N- 

35 methyl-ol methacrylamide, N-ethjd-ol methacrylamide, N-tert-butyl acrylamide, N- 
n-butyl acrylamide, N-methyl-ol acrylanude, N-ethyl-ol acrylamide, vinjd benzoic 
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add, dietfayiaxnin styrene, alphametfajdvinyl benzoic add, dieth^amin 
alphametfaylstyrene» para-methylstyrene, p-vinjd benzene sulfonic add, 
trimethoxysilylpFop^ methaoylate, triethoxysil^propyl methao^e. 
tributoxysil^propyl methaaylate, dimethoxymethylsilylpropyi methaci^ate, 

S diethos^methylal^rop^ methacrylate, ifibutoi^metfaylaly^p^ methaciyiate, 
diisopropoxymedqrlsUylprop^ mechacrylate, dimetboxysil^ropyl methacryiate, 
diethos^silylpropyl methaaylate, dibutoxysil^propyl methaoylale. 
diisopropoxysilyipropyi methaoylate, trimetboxysilylpropyi aoylate, 
triethoxysil^propyl acryiate, tributoxyalylpropjd acrylatc, 

10 dimethoxymcthjdsiljdpropjd acndate, diethoxymcthylsilyipropyl acryiate, 
dibutoxymethylsilylpropyl acryiate, diisopropoxymethylsilylpropyl acrylatc, 
dimethoxysilylpropyl acryiate, diethoxysilylpropyi acryiate, dibutoxysilylprop^ 
acryiate, diisopropoxysilyipropyi acr>date, vinyl acetate, and vinjd butyrate, viiiyl 
chloride, vinyl fluoride, vin^ bromide. 

15 

3. A process according to Claim 1 wherein Cii) is sdected where Q,-XYC- 
CH2% Z and "n" are independently sdected from one or more of the following: 
Q - H, methyl, ethyl, butjd, cydohcxyl, methoxy. ethoxy, propoxy, butoxy, 
phenoxy, acetate, propionate, butyrate, benzoate, caiboxylate, chlorine, 

20 bromine, fluorine, iodine, nitrile, amide, N-methylamide, N-ethylamide, N- 

propylamide, N,N-dimethylamide, N,N-diethylamide, N,N-dibut)4anude, N- 
metfayl-N-ethylamide, carboxylate ester of metfa^ ethyl, propyl, butyl, 
benzyl, phenyl, 2-hydroxyethji 3-hydroxypropyl, 2-lqrdroxypropyl, 4- 
hydroxy-butyl, 3-hydroxybutyl, 2-hydroxybutyl, 3-trimethoxysilylpropyl, 3- 

25 triethoxysilylpropyl, 3-tributoxy-siljdpropyl, 3-tri(isopropoxy)silylpropyl, 2- 

aminoethyl, 3 -amino-propyl, 2-aminopropyl, 4-aminobutyl, 3-aminobutyl, 
2-aminobutjd, 2-epoxypropyl, or 3-epoxypropyl; 
-XYC-CH2- = derived from one or more of the following monomers: meth^ 
methacryiate. ethyl methacryiate, prop>d methacrydate, butyl methacrjdate, 

30 2-ethylhexyl methacrjdate, isobomyl methacryiate, methacrylic acid, benzyl 

methacryiate, phenyl methacr^e, methacryloiutrile, styrene, alpha methyl 
styrene, glyddyl methacryiate, 2-faydroxyethyl metfiacrylate, hydroTgrpropyl 
methacryiate, hydroxybutyl methacryiate, dieth^aminoethjd methacryiate, 
triethjdeneglycol methacryiate, N-tert-butyl methacrylamide, N-n-butyl 

35 methacrylamide, N-methyl-ol methacrylamide, N-cthyl-ol methacrylainide, 

trimethoxysilyiprop^ methacrjdate, triethoxysilylpropyl methacrjdate, 
tributoxysilylprop^ methacr^e, dimethoxymethylsilylpropyi methacryiate, 
diethoxymcthylsilyipropyl methacrjdate, dibutoxymethylsil)4propyl 

30 
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methacr^ate, diisopropoxymethylsilylpropj4 methaciyiate, 
dimethoxyalylpropyl mcthacrjdatc; diethoxysilyipropjd mcthacryiate, 
dflnitoxysilylprop^ methaa^atc, diisopropoxysflyipropid methacrjdatc, 
methyl acrylate, cthjd aoylatc, propj^ acrylatc, but>d acrjdate, 2-ethyUwxyl 
acr)date» isoboni^ acr^e» acrylic add, benzyl acrjdate, phenyl aayiate. 
acrylonitrile, styrcnc, glycidyl aaylate* 2-hydroxycth5d acrylatc. 
I^droxyprop^ ao^ate, faydroxytmt^ acrylate, dietfa^aminoediyl acr^date, 
tziethylen^l^l aojdate, N-tert-butyl acryiamide, N-n-butyl aciylaimde, 
N-methyl-ol acr^amide, N-etfayl-ol acryiamide, vinyl benzoic add, 
dieth^amino styrene, p-vinyl benzene sulfonic add, para-metlqdstyrene, 
trimethoxyalylpropyl acrylatc, triethoxysilylpropyl acr^e, 
tributoxysilylpropjd acrylate, dimcthoxymethylsilylpropyl acrylatc, 
diethoxymethylatyipropji acridatc, dibutoxymethjdsilylpropyl acrylatc, 
dtisopropoi^ethylsilylprop^ acr^e, dimcthoxysilylpropyl acrylatc, 
diethoxyalylpropyl acrylatc, dibutoxysilylpropyl acrylatc, 
diisopropoxysO^prop^ acrylatc, vinyl acetate, and \myl butyiate. 
Z= H,SRi,S(0)R,S(0)2R,R^.orR3; 

R = metfajd, etlqrl, propyl, n-butyl, tert-butji isobutyl, phenyl, benzyl, 2- 

phenylpropyl, trimethoxysilylpropyl, tributoj^silyl-propyl, hydroxymethji 
2-4iydroxyethyl, 2-hydroxypropyl, 2-epoxypropyl, 2-aminoethyl, 2-anrino- 
propyl, methoxymethyl, 2-methoxycthyl, 2-cthoxycthyl, 2-methoxy-prop)i 
or heptafluoropropyl; 

Rl = hydrogen, methyl, ethyl, propyl, n-butyl, tert-butyl, isobutyl, phenyl, benzyl, 
2-phcnylpropyl, trimethoxysilyl-propyl, tributoxysilylpropyl, 
hydroxymethyl, 2-hydroxycthjd, 2.hydroxypropyl. 2-epoxypropyl, 2- 
aminoethyl, 2-aminopropyl, methoxymethyl, 2-methoxycthyl, 2- 
cthoxyctl^l, 2-methoxypropyl, or heptafluoropropyl; 

R2 - 2,4-dimethylpentancnitrile, 2-meth^butanenitrile, 2-methylpropanenitrile, 
cyclohexanecarbonitrile, 4-cyanopentanoic add, N,N-dimethyleneiso- 
butyramidine, N.N'-dimethyleneisobutyramidinc hydrochloride, 2- 
axnidinopropane, 2-ainidinopropanc hydrochloride, 2-methyl-N-tl,l- 
bis(hydroxymethyl)ethyl] propionamide, 2-methjd-N-[l,l-bis(hydroxy- 
mcthylH-hydroxyethjrt] propionamide, 2-methyl-N-(2-hydroxyethji) 
propionamide, isobutyamide l^drate, hydroxyl, or sul&te; 

r3= i,i-bis(carboethoxy)ethyl, l,l-bis(carbom^oxy)ethyi,bis(carboethoxy)- 
methyl, bis(caibomethoxy)methyl, l-carboethojqr-l-phenyl ethyl, l-^arbo- 
methoxy-l-phenyl cthjd, chlorine, bromine, fluorine, iodine, 1-methyH- 
[caibb(2-epoxypropoxy)]ethyl, l-methyH-[caibo(2-hydroxyethoxy)]ethyl, 
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l-inetfayl-l-[caibo(4-lQrdioxy-4>ut l-iiietb)rl-l-[carbo(2- 
aiDiiioedioxy)]etbyl, l-metfayl-l-[caibo(3-triinethoxystlylpropo^ 1- 
in6tl9l-14c8xbo(3-triethoi9sit^prop(»^ l-inetfayl-Hcaibo(3- 
<fiiiielhoxy^hoxy»l:^propoxy)]etfayl, l-inethyl-l-[c8xlx)(2-inethoxy- 
S ethoxy)]ethyl, (N,N-4i-metMaiiuiioXcyano)met^ N^N-dimethyiamino- 

(beQZo)metfa^ thiometbyl(cyano)meth3d, or thioelbyl(cfyano)metfayl; 
n > I and iwhen greater than 1, the repeat units are the same or different. 



4. A process according to Claim 1 wherein Oii) is selected from one or more 
10 of the following: 2,2-azobisCisd)utyronitiile), 2,2-azobis(2-butanenitriIeX 4,4- 

azobis(4-cyaiq)entanoic acid), l,r-azobis(cyclohe»mecarbonitrile), 2-(t-butyiazo)- 
2-cyanopropane, 2.2'-azobis[2-methyI-N-(l,l)- bis(hydoxymcdiyl)-2.hydroxyethyl] 
propionamide, 2,2'-azobis[2-metl^-N-Mroxyeth^)]-propionanude, 2,2*- 
azolns(N,N'-dimeth^ene-is6bittyranudine) dichloiide, 2,2'-azobis(2- 

15 amidinopropane) dichloride, 2,r-azobis(N,N*-dimetlqrleneisobutyramide), 2,2'- 
azobis(2-methyl-N-[l,l-bis(hydn)xyniethyl)-2-hydroxyethyl] propionamide), 2,2'- 
a2obis(2-methyl-N-ll,l-bis(hydroxymethyl)ethyl] propionamide), 2,2'-a2obis[2- 
methyl-N«<2-hydroxycthyl) propionamide], 2,2 -azobis(iso- butyramide) dihydrate, 
t-butylperoxyacetate, t-butylperoxybenzoate, t-butylperoxyoctoatc, t- 

20 butyiperoxyneodecanoate» t-butylperoxyiso-butyrate, t-amylperoxypivahte, t- 
but^peroxypivalate, cumene hydroperoxide, dicumyl peroxide, benzoyl peroxide, 
potassmm persul&te, ammonmm persulfiUe. 

5. Process of Claim 1 wherein compound (2) is a block copolymer of 
25 general structure (1) and the product is a tri- or multi-block copolymer. 



6. Process of Claim 1 employing a temperature above lOO^C. 

7. A composition consisting essentially of a polymer with a polydispersity 
30 <1 .7, having the formula 



,CH2-^— CH2- 



:-CHr-z 



m 



wherein: 
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10 



15 



20 



Q is selected from the group H, R, OR, O2CR, halogen, C02li CO2R, CN, 

CONH2. CONHR and CONRj; 
U is selected from H and R; 

V is selected from R, OR, O2CR, hal gen, CO2H, CO2R, CN, CONH2, 
CONHR and CONR2; 

X IS selected from H and R; 

Y is selected from R, OR, O2CR, halogen, CO2H, CO2R, CN, CONH2, 
CONHR and CONR2; 

Z is selected from the group H, SR^ S(0)R, S(0)2R, R^ and R^; 

R is selected from the group substituted and unsubstituted alkyl, aryl, aralkyl, 
alkaryl and organosilyl groups wherein the substituent(s) are mdependently 
selected from the group carbox^ epoxy, hydroxy alkoxy, amino and 
halogen; 

R^ is selected from the group H, substituted and unsubstituted alkyl, aryl, 
aralkyl, alkaiyl, organosilyl wherein the substituent(s) are independently 
sdected from the group carboxyl, epoxy, hydroxyl, alkoxy, amino and 
halogen; 

R^ is selected from the group free radical initiator-derived fragments of 
substituted and unsubstituted alkyl, cycloalk^ ai^ aralkyl, alkaryl, 
organosil>i, alkoxyalkyl, alkoxyaiyl, sulfate groups wherein the substituent(s) 
are independently selected from R, OR^ O2CR, halogen, CO2H (and salts), 
CO2R, CN, CONH2, 



CONHR, CONR2, ^Kr™2 ™^ 

H NH2 

R^ is seleaed from the group radical chain transfer agent-derived fragments of 
substituted and unsubstituted alkyl, cycloalkyl, aiyl, aralkyl, alkaryl, 
organosilyl, alkoxyalkyl, alkoxyaryl, and PR2 groups wherein the 

. substituent(s) are independently selected from R, OR^ SR, NR2, NHR, 
O2CR, halogen, CO2H, CO2R, CN, CONHj, CONHR, and CONR2; 

m and n are independently > 1; and 

vAum dther or both of m and n are greater than 1 , the repeat units are the same 
or different. 

8. A composition according to Claim 7 wherdn the polydispersity is < l.S. 

9. A polymer made by the process of Claim 1. 
1 0. A polymer made by the process of Qaim S. 




NH 
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POLYMER SYNTHESIS 



1. Fidd fthelnventi n 

5 This invention relates to a process for the synthesis of block copolymers and 

polymers of n^w polydispersity based on radical polymerization of monomers in the 
presence of unsaturated chain transfer agents. 

2. Background 

Blodc copolymers are useful as pigment dispersants, surfectants, 

10 conqiatibilizere for polymer blends, thermoplastic elastomers and in a variety of other 
applications. Polymers with narrow molecular weight dispersity can enhance mek 
viscosity behavior, solids-viscosity relationships of polymer solutions and shatper mdt 
transitions than the same compostion at a lugher polydisperaty. 

Conventional commercial techniques for syntheazing narrow polydispersed 

15 polymers and block copolymers inchide free-radical polymerization. Radical 

polymerization may be accomplished: (I) through the use of pseudo or quasi-living 
polymerization. These techmques make use of low molecular wdght transfer agents 
and/or chain terminators; (2) through the use of transformation chemistry; (3) through 
the use of multi&nctional or polymeric initiators. 

20 This invention provides a method of employing certain vinyl compounds in the 

synthesis of polymers with narrow molecular weight distribution and block 
copolymers by free radical polymerization. Block copolymerization by radical 
polymerization has been described in PCT Application No WO 93/'2:355 This PCT 
application describes the mechanism of btock copolymer formation but does not define 

25 conditions necessary for the preparation of high purity block copolvmers. nor 
formation of tuurow polydispersity reans. 

«;ttmmarV nF THE rNTVEMTION 
This invention is directed to a process for the synthesis of polymers (block, 
30 homo- and copolymers) of the general formula: 
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comprising contacting: 

(i) a vinyl monomer of the foimuia 

CH2 = CUV 

(ii) a vinjd-terminated compound of foranila 



A. 



5 and 

(iii) free radicals, produced from a free radical source; and 
increasing the molar amount of polymers, 1, by one or both of: 

(a) decreasing the molar amount of Qii) for any given conversion of G); 
and 

10 (b) decreasing the molar amount of(i) for any given conversion of Cui); 

wherein: 

Q is selected from the group H, R, OR. O2CR, halogen, CO2H, CO2R, CN. 

CONH2, CONHR and CONR2; 
U is selected from H and R; 
15 V is selected from R, OR, OjCR, halogen, COjH, CO2R. CN. CONHj, CONHR 

and CONR2; 
X is selected from H and R; 

Y is selected from R, OR, OjCR, halogen. CO2H, CO2R, CN, CONHj. CONHR 
andC0NR2; 

20 Z is selected from the group H, SKK S(0)R, S(0)2R, R^ and R^; 

R is selected from the group substituted and unsubstituted alkyl, aryl. aralkyl, 
alkaryl and organosilyl groups wherein the substituent(s) are independently 
• selected from the group carbox>i, epoxy, hydroxyl, alkoxy, anuno and halogen; 
R^ is selected from the group H, substituted and unsubstituted alkyl, aryl, aralkyl, 
25 alkaryl, organosilyl wherein the substituent(s) are independently selected from 

the group carfooxyl, epoxy, hydroxyl, alkoxy, amino and halogen; 
R2 is selected fit>m the group free radical initiator-derived fragments of substituted 
and unsubstituted alkjd, cydoalkji, aiyl, aralkjd, alkand, organosUyl, alkoxyalkyl, 
alkoxyaiyl, sulfate groups wherein the substituent(s) are independently selected 
30 from R, 0K\ OjCR, halogen, CO2H (and salts), CO2R, CN, CONHj, 
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CONHR, C0NR2' (and salts) and (and sahs); 

is selected fiom the group radical chain transfer agent-derived fiagments of 
substituted and unsubstituted alkyl, cydoalkyl, aryl, aralkyi, alicaryi, organosilyl, 
alkoxyalkyl, alkoxyaryl, and PR2 groups wherein the substituent(s) are 
S independently selected from R, OR^ SR, NR2, NHR, O2CR, halogen, CO2H, 

CO2R. CN, CONH2, CONHR, and CONR2; 
m and n are independently > 1; and 

when either or both of m and n are greater than 1, the rq>eat units are the same or 
different. 

10 Each alkyl in the defined substituents is independently selected fiom branched, 

unbranched, and cyclical hydrocarbons having 1 to 20, preferably 1-12, and most 
preferably 1-8 carbon atoms; halo or halogen refers to bromo, iodo, chloro and fluoro, 
preferably chloro and fluoro, and organosilyl includes -SiR^(R^)(R^) and the like, 
wherein R'^, R^, and R^ are independently alkyl, phenyl, alkyl ether, or phenyl ether, 

IS preferably at least two of R"^, R^, and R^ being a hydrolyzable group, more preferably 
two of which are alkyl ether, wherein alkyl is preferably methyl or ethyl A plurality of 
alyl groups can be condensed; for example, an organopolysiloxane such as -Si(R'^)2* 
0-Si(R5)2R6, i»*errin R^ r5, and R^ are mdependently alkyl. 

Preferred monomers are methyl methacrylate, ethyl methacryiate, propyl 

20 methacrylate (all isomers), butyl methacrylate (all isomers), 2-ethylhexyl methacrylate, 
isobomyl methacrylate, methacryiic acid, benzyl methacrylate, phenyl methacrylate, 
methacrylonitrile, alpha methyl styrene, methyl acryiate, ethyl acrylate, propyl acryiate 
(all isomers), butyl acryiate (all isomers), 2-ethylhexyl acrylaie, isobomyl acryiate, 
acrylic acid, benzyl acryiate, phenyl acryiate, acrylonitrile, styrene, functional 

25 methacr^te, acrylates and styrene selected from glydd^ methacrylate, 2- 

hydrqxyethyl methacrylate, hydroxypropyl methacrylate (all isomers), hydroxybutyl 
methacrylate (all isomers), diethylaminoeth^ methacrylate, triethyleneglycol 
methacrylate, itaconic anhydride, itaconic acid, glycidyl acryiate, 2-hydroxyethyl 
acryiate, hydroxypropyl acryiate (all isomers), hydroxybutyl acryiate (all isomers), 

30 diethylaminoethyl acryiate, triethyleneglycol acryiate, methacrylamide, N-tert-butyl 
methacrylamide, N-n-butyl methacrylamide, N-methyl-ol methacrylamide, N-ethyl-ol 
methacrylamide, N-tert-butyl acrylamide, N-n-butyl aciylamide, N-methyl-ol 
acrylamide, N-ethyl-ol acr^amide, vinyl benzoic acid (all isomers), diethylamino 
styrene (all isomers), alphamethylvinyl benzoic add (all isomers), diethylamino 

35 alphametbyistyrene (all isomers), para-methylstyrene, p-vinyl benzene sulfonic acid, 
tiimethoxysilylpropyl methacr^ate, triethoxysilyipropyl methacr>4ate. 
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tributoxysU^propyl methacrylate, dimeihoxymeth^silylpFopyi methacrylate, 
diethoxym(^l-sUylpropylmethaci>iate, dibutoxymetfaylsiljdpropjd methacndate^ 
diisopropoxymethylsilylprop^ methacrylate, dimethoxysilylpropyi methacrylate, 
diethoxysilylpropyl methacrylate, dibut Tcysilylpropyl methacrjdate, 
5 diisopropoxysilylprop^ methacrylate, trimethoxysilylpropyl acrylate, 

triethoxysil^propyl acrylate, trflnitoxyal^propyl acrylate, dimethoxymetfayisQylprop^ 
aoyiate, diethcn^metbylsaylpropyl acrylate, dibutoxymetfaylsil^propyl acrylate, 
dtisopropoxymethylsil^propyl acrylate, dimethoxyalylpropyl acndate, 
diethoxysil^propyt acrylate, dibutoxysilylprop^ acrylate, diisopropoxysSylpropyl 
10 acrylate, vin^ acetate, and vinyl butyrate, vinyl chloride, vinyl fluoride, vin^ bromide. 
In a preferred process, (ii) is selected where Q, -XYC-CH2- and Z are 
independently selected from one or more of the following: 
Q = H, mcthji ethyl, butyl (aU isomers), cyclohex)d, methoxy, cthoxy, propoxy, 
butoxy (aU isomers), phenoxy, acetate, propionate, butyrate (all isomers), ' 
IS benzoate, carbox^ate, chlorine, bromine, fluorine, iodine, nitrile, amide, N- 

metlqAamide, N-^hylamide, N-prop^amide, N,N-dimethylamide, N,N- 
dietlqrlamide, N,N-dibutylafflide, N-methyl-N-ethylamide, carfooxylate ester of 
methyl, ethyl, propyl, but^ (afl isomers), benzyl, phenyl, 2-hydroxyethyl, 3- 
hydroxypropyl, 2-hydroxypropyl, 4-hydroxy-butyl (all isomers), 3- 
20 hydroxybutyl (all isomers), 2-hydroxybutyl, 3-trimethoxysilylpropyl, 3- 

triethoxysilylpropyl, 3-tributoxy-silylpropyI, 3-triCisopropoxy)silylpropyl, 2- 
aminocthyl, 3-amino-propyl, 2-aminopropyl, 4-aminobutyl (all isomers), 3- 
anunobutyl (all isomers), 2-aminobutyl (all isomers), 2-epoxypropyl, or 3- 
qjoxypropyl; 

25 -XYC-CH2- = derived fix)m one or more of the foUowing monomers: methyl 
methacrylate, eth^ methacrylate, propyl methacrylate (all isomers), butyl 
methacrylate (all isomers), 2-cthylhcxyl methacrjdatc, isobomyl methacrylate, 
methacrylic acid, benzyl methacrylate, phenyl methacrylate, methacrylonitrile, 
styrene, alpha methyl styrene, glycidyl methacrylate, 2-hydroxyethyl 

30 methacrjdate, hydroxyprop^ methacrylate (all isomers), hydroxybutyl 

methacrylate (all isomers), dieth^aminoeth^ methacrylate, triethyleneglycol 
methacrylate, N-tert-butyl methacrylamide, N-n-butyl methacrylamide, N- 
mett^-ol methacrylamide, N-ethyl-ol methacr^amide, trimethoxysilylprop]4 
m^hacrylate, triethoxysilylpropyl methacrylate, tributoxy»l]4propyi 

35 methacrylate, dimethoxymethylsilylpropyl methacrylate, 

diethoxymethylsilylpropyl methacrjdate, dibutoxymethylsilylpropyl 
methacrylate, diisopropoxymethylsilylpropyl methacrylate, 
dimethoxysilylpropyi methacrylate, diethoxysilylpropyl methacrylate, 
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dibutoxysiiylpropyl methaoylate, diisopropcn^silylpropyl methaaylate, methyl 
acr^ate, ethyl acryiate, prop^ aci^ate (all isomers), but^ acr^ate (all 
isomers), 2-etfayUiexyl acrylate, isdxm^ aa^i^ aaylic add, beoa^ aojdate, 
phecQrl aoylate, acrylonitrile, styrene, glycidyl acrylate, 2-hydroxyethyl 
5 aojdate, hydroxyprop^ acrylate (ail isomers), faydroxybutyl acrylate (all 

isomers), dietbylaminoetbyi acrylate, triethyleneglycol acrjdatc, N-tert-butyi 
acrylamide, N*n-but)d acr^amide, N-metfajd-ol acr^amide, N-etb]4-ol 
acrylamide, vin^ benzoic acid (all isomers), diethylamino styrene (all isomers), 
p-vinyl benzene sulfonic add, para-methylstyrene, trimethoxysiljdpropyl 
10 aoylate, triethoxysilylpropyl acr^ate, tributoxysil^propyl acrylate, dimethoxy- 

metfa^ylpropyl acrylate, dietbo^^methyisilylpropyl acrylate, dibutoxy- 
methyl^lprop^ acrylate, diisopropoicymethylaljdpropyl acrylate, dimethoi^- 
siljlpropyi acrylate, di^oxysilylprop^ acrylate, dibutoxysilylpropjd aoylate, 
diisopropoxysilylpropyl acrylate, vinjd acetate, or vinjd butyrate; 
15 Z= H,SRi,S(0)R,S(0)2R,R^orR3; 

R = methyl, rthyl, propjd, n-butyl, tert-butyl, isobutyl, phenyl, benzyl, 2- 

phenjdpropjd, trimethoxyalylprop>i tributoxysilyl-propyl, hydroxymethyl, 2- 
hydroxyethyl, 2-hydroxypropyl, 2-epoxypropyl, 2-aminoethyl, 2-aminopropyl, 
methoxymethyl, 2-mcthoxyethyl, 2-^oxyethyl, 2-methoxy-propyl, or 
20 heptafiuoropropyl; 

Rl = hydrogen, methyl, ethyl, propyl, n-butyl, tert-butyl, isobutyl, phenyl, benzyl. 2- 
phenylpropyl, trimelhoxyalyl-propjd. tributoxysilylpropyl, hydroxymethyl, 2- 
hydroxyethyl, 2-hydroxypropyl, 2-epoxypropyI, 2-aminoethyl, 2-aminopropyl, 
methoxymethyl, 2-methoxyethyl, 2-cthoxyethyl, 2-methoxypropyl, or 
25 heptafiuoropropyl; 

R2 = 2,4-dimeth)dpentancnitrile, 2-methyIbutanenitrile, 2-methylpropanenitrile, 
cyclohexanecaibonitrilej 4-cyanopcntanoic add, N.K-dimethylendso- 
butyramichne, N.K-diniethylendsobutyramidme hydrochloride, 2- 
amidinopropane, 2-amidiiiopropane hydrochloride, 2-methyl-N-[l, l- 
30 bis(hydroxymcthyl)ethyl] propionamide, 2-methyl-N.[l,l-bis(hydroxymethyl)- 

2-lqrdroxyethyl] propionamide, 2-methyl.N-(2-hydroxyethyl) propionamide. 
isobutyamide hydrate, hydroxyl, or sulfate; 
R3= l,l-bis(carboethoxy)ethyl, l,l.bis(carbomethoxy)ethyl, bis(carboethoxy)- 
methyl, bis(carbomcthoxy)methyl, l-carbocthoxy-l-phenjd ethyl, l-carbo- 
35 methoxy-l-phenyl ethyl, chlorine, bromine, fluorine, iodine, l-methyl-l- 

[carbo(2-epoxypropoxy)]eth5d, l-methyl-l-[carbo(2.hydroxycthoxy)]ethyl, 1- 
methyH-[caibo(4-hydroxy-butoxy)]ethyl, l-methjd-l-[carbo(2- 
aminoethoxy)]ethyl, l.methyl-l.[caibo(3-trimethoxyffllylpropoxy)]ethyl. 1- 
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mrthjd.l.[carbo(3.tricth xyaIyIpropoxy)]cthji l.mcthyH-tcarbo(3- 
dimethoxyethoxysilyipr poxy)]eth^ l-meth5d-l-[carbo(2-methoxy- 
rthoxy)]rthyl, (N,N-Kii-mcth^ainmoKcyano)methyl, N,N-dmethylainiiio- 
(bcnzo)incthyl, thi methyl(cyano)mcthyi, r thiocthyl(cyano)methyl. 

5 

In a preferred process, (iii) is derived from one or more of the following 
imdators: 2,2'-4Bobis(isobiityromtrile), 2,2*-azobis(2-butanenhrileX 4,4'*azobis(4- 
qwipentanoic add), l,r-azobis(cydohe3cane-carbomtrile), 2-(t-butylazo)-2- 
* qranopropane, 2,r-a2obis[2-mcthyl-NKl,l^bis(hydoxymrthyl>2.hydro^ 

10 propionamide, 2,2 -azobis[2-methyl-N-hydroxyethyl)]-propionamide, 2,2*- 

azobis(N,N'-dimethyleneisobutyramidine) dichloride, 2,2-azobis(2-amidinopropane) 
dichloride, 2,2-azobis(N,N'-dimcthylendsobutyramide), 2,2-azobis(2-methyl-N-[l,l- 
bis(hydroxymethyl)-2-hydroxycth^] propionamide), 2,2'-azobis(2-mcthyl-N-[l,l- 
bis(hydroxymcthyl) ethyl] propionamide). 2,2*-azobis[2.methyl-N-(2-hydroxyeth3i) 

15 propionamide], 2,2'-a2obisOsobiityraimde) dihydrate, t-butyl-pcroxyacctate. t- 
butylperoxybenzoate, t-butylpero5^octoate, t-but^pcroxyneodecanoate, t- 
butyiperoxyisobutyrate, t-an^lperoxypivalate, t-butjrt peroxypivalate, cumene 
l^droperoxide, dicumyi peroxide, benzo^ peroxide, potasaum persulfiite, ammonium 
persui&e. 

20 

DETAILS OF THE INVENTION 
Compoimd (2) can be prepared by several methods. Two non-restrictive 
examples of convenient methods of preparing compounds of structure (2) are by flee 
radical polymerization in the presence of cobalt transfer agents or organic transfer 
25 agents that are capable ofchain transfer by addition fragmentation. Cobalt chain 
transfer agents represem a broad class of complexes some of which are described in 
U.S. Patent No. 4,694,054, U.S.'Patent No. 4,680,352, U.S. Patent No. 4,722,984, 
and WO 87/03605. 

Organic chain transfer agents include allylic sulfides, allylic bromides, vinyl 
30 terminated methacrylic oligomers (dimers, trimers, etc or distributions), a- 

mcthylstyrenc dimcr and related compounds. Other methods of preparation are also 
possible. 

Said compounds of stmcture (2) can also be a blodc copolymer of general 
structure ( 1 ) and the process can then be used to form tri- or multiblock copolymers. 
35 Substituent Q of (1) and (2) is chosen to convey ^)propriate reactivity to the 

double bond m radical polymerization of the desired monomer or monomers under 
polymerization conditions. It should preferably be aiyl, CO2H, CO2R, CN, or 
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CONR2 in the case of activated monomers ie.g. styrene, acrylics) r H. R, OR, O2CR, 
or halogen in the case of non activated monomers {e.g. vinjd acetate, vinyl diloride). 

The subsdtuents Q and Z can also be chosen so as to mtroduce aiqr required 
end-group functionality into the polymer (1). These end groups can be the same or 
5 Hiflfef gfit upA mrm AftMfi siieh that the final polymer is a tdechelic polymer. Suitable 
end groups are those compatible with free nuUcal polymerization and inchide tpaxy^ 
l^droxy, caibox^c add, caibox^c ester. 

Monomers, CH2==€UV, as used herein include aoylic, methacrjdic and styrenic 
monomers, mixtures tharoC and mixtures of these monomers with other monomers. 
10 As one skilled in the art would recognize, the choice of comonomers is determined by 
the steric and electronic properties of the monomer. The fictors p^ch determine 
copolymerizability of various monomers is well documented in the art. 

When U and/or X- hydrogen, the use of reaction temperatures above lOO^C 
has been found to &vor block copolymer formation. 
15 The process is compatible with forming (2) and the polymer (1) sequentially in 

a "one-pot" procedure. In this case, it is important to destroy residual transfer agent 
remaining from the synthesis of (2). For compounds (2) prepared in the presence of 
cobalt catalytic chain transfer agents, the use of potassium persul&te, a peroxide or 
similar reagent deactivates any cobalt chain transfer agent remaining from the 
20 compound (2) preparation. 

The length of Ae -(CXY-Ca^or is determined by the molecular weight of (2). 
Unreacted (2) will constitute a contaminant. The conversion levd of (2) will define 
the purity of (1). The Ugher the conversion of (2) the higher the purity of (1). 
To obtain narrow dispersity in the final polymer, reaction conditions are 
25 selected such that polymerization in the absence of (2) gives molecular weights 

substantially higher (at least 5-fold) than in the presence of (2). In the same manner, 
to obtain high block purity in the block copolymer synthesis, reaction conditions are 
selected such that polymerization in the absence of compound (2) gives molecular 
weights substantially higher (at least 5-fold) than in the presence of compound (2). 
30 With this as a guide, the control ofthe molar amount offi:eeradtcab(iii) at any 

given converdon of CO will determine how much polymer containing (i) and not (2) is 
fi)rmed. One can mtnlmtTe the number of free radicals, via initiators, in the reaction 
media during the polymerization so that bimolecular termination reactions, or radical- 
radical reactions, are minimized. These reactions produce polymers that arc 
35 undesirable when one is interested in narrow dispersity polymers or substantually pure 
block copolymers. Increasing the moles of fii) in the presence of Oii) will enhance the 
transfer reaction which is necessary to produce block, telechdic polymers and 
homopolymers of narrow molecular weight dispersity. In like feshion, reducing the 
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molar amount fmonomerO) in the react r at aiqr gtven time at any given commas n 
of Ciii)* will provide additional control thus assuring uptake of Cu) as a transfer agent. 
Slow, incremental uptake of(i) under conditions which ptimize chain transfo 
contribute to naiTow polydispersity. The present inventi n allows preparation of 

5 homo- and copolymers with substantially narrower polydispersity than can 

prepared by conventional free radical polymerization. Polymers with polydisperaty 
<1 .5 are not available using conventional free radical polymerization technology. The 
discovered interrelationship of (a) to (d) allows preparation of polymers with 
polydispersities below 1 .7 and even less than l.S. 

10 The process can be successfiiUy conducted by bulk, solution, suspension or 

emulsion polymoization. However, bearing in mind the above-mentioned condition, a 
preferred process for forming high molecular weight block copolymers is by emulsion 
or diversion polymerization techniques. Emubion polymerization typicaUy offers 
very high molecular weigihts for polymerization carried out in the absence of 

IS compound (2). As a consequence, it is posable to prepare Mgh molecular wdght, 
high purity block copolymers with narrow poiyctispernty. Other advantages of 
emulsion polymerization over solution or bulk polymerization are fiister 
polymerization times, high conversions, avoidance of organic solvents, and low chain 
transfer to water. 

20 The present process offers significant advantages over other processes for 

preparing block or narrow polydisperaty polymers based on conventional living 
polymerization teduiiques {e.g. cationic, amonic, coordination or group transfier 
polymerization). Advantages inchide comparibility with monomers mth active 
hydrogens (for example, methacrylic acid, 2-hydroxyethyl methacrylate, etc.), or 

25 reactive functionality (for example, glycid^ methacrylate), the use of protic media (for 
example, isopropanol, water), and use of inexpensive commercial grade monomers. 

The success of block copolymerization via the emulsion process depends on 
the compatibility of the monomer(s) and compound (2). The polymerization of 
hydrophobic monomers (e.g. butyl methaciylate) and moderately hydrophobic 

30 conq)ounds (2) (e.g. methyl methacrylate), or moderately hydrophobic monomers with 
hydrophilic compounds (2) (e.g. methaaylic add) can be successfully carried out. 

Emulsion polymerization of hydrophobic monomers (for example, styrene, 
but^ methacrylate, etc.) in the presence of water*soluble compoimds (2) may lead to 
product contaminated with homopolymer of the hydrophobic monomers. In these 

35 circumstances, addition of appropriate cosolvents (for example, 2-butoxyethanol) to 
the emulsion polymerization medium gives improved yields of block copolymer. 

Changing the hydrophobic*bydrophilic balance in the compound (2) also gives 
improved yield of block copolymer. For example, block copolymers based on 
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hydrophobic monomers (for example. styrene» butyl methacn^ate, etc.) and 60:40 
methyl methacrylate-aMnetbacr^c add compounds (2) are readily sy nt h e sized m 
high yield and purity by emulsion po^erization. 

The low cost of the process means that purification of the block copolymer can 
be economically viable v/bm this is necessaiy or desirable. Thus, lower yields of block 
copolymers can be tolerated than with other synthetic methods. 

The process of the invention is further ilhistrated by the following Examples in 
which these abbreviations are used: 

2-ethylhex)d methacylate 
10 n-BA n-but^ acryiate 

butyl acetate 
ethyl acetate 
glyddyl methaoyhite 
n-butyl methacrylate 
IS t-BMA /e7t*butyl methacjdate 

iso-butyl methacrylate 
benzyl methacrjdate 
ethyl methacrylate 
hydroxy ethyl methacylate 
2-propanol 
methacr^c add 
meth^ethyi ketone 
methyl methacrylate 
phenyl methacrylate 
styrene 

p-methylstyrene 
cydohexyl methacrylate 
2,2'-azobis(2,4dimethylpemanenitrile) 
l,r-azobis((7dohexanecarbonitrile) 
30 WAKO VA044 2,2 -azobis(N,N'-dimethylendsobutyramidine) 

dihydrochloride 

[bis[m-[(2,3-butanedione dioximato)(2-)-0:0*]] 
tetrafluorodiborato (2-) -N,KN".ir] (1- 
methylethyl) (aqua) cobalt 
35 MeCo(III)DEG [bis[m-[(2,3-hexanedionc dioximato)(2-)-0:01] 

tetrafluorodiborato (2-) -KN'^N^.N'"] (methyl) 
(aqua) cobah 



20 



25 



EHMA 

n-BA 

BAc 

EAc 

CMA 

n-BMA 

t-BMA 

i-BMA 

BzMA 

EMA 

HEMA 

iPrOH 

MAA 

MEK 

MMA 

PhNfA 

S 

pMS 
CHMA 
VAZO 52 
VAZ0 88 
WAKOVA044 

iprCo(III)DMG 
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EXAMPLES 1-9 



15 



20 



Methacavlic Acid Block Copo lvmera bv Emulsion Pohrnierization 
This is the basic recipe for surftctwitleiw emutBon polymerization and 
illustrates the use of blodc copolymers as latex stabilizers. 

Prqnration of Mcdiacrjrlic Acid-M0dt>Meth34 M^kaci^te 



The water was d^assed in a multi-neck, 250 mL reactor under nitrogen for 
20 oiin. The solution was heated to 85°C. The sodium bicarbonate, block copolymer 
and MAA Conq>ound 2 were added, and the solution was degassed for a fiirther 10 
min. The initiator and a portion of the MMA (1.00 g) were added as single shots and 
the remaining MNfA added as a feed over 90 min. The reaction mbcture was hdd at 
SS^C fin- a fiirther 90 mia 
GPC: Mn 3010, Mw 4270; Dispeisity 1.42. 

The ^dd of block copolymer vs. 'homopolymer' formed by emulsion 
polymerization depends on the relative hydrophobicity of the compound (2) and 
monomer. The examples given in the table show that, for systems where this is a 
problem {e.g. MAA-Wocit-BMAX-the yield of block copolymer are improved by use 
of an appropriate cosolvent. 



NaHCOs 

MAAi2-6/odt-BKfA4 

MAA Compound 2 (^H I4MR: Mn 950) 

MMA 



Water 



4,4' azobis(4H:yanopeotaiioic acid) 
MMA 



75.0 g 
0.151 g 
0.376 g 

10.07 g 
1-00 g 
0.140 g 

10.0 g 
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Table 1. Metlucrylic Acid Block Copolymen by Emidsi n Polymerizati 



Example 


Monomer 


Cosolvem 


V« blocks 


1 


MMA 


none 


100 


2 


EMA 


ncme 


70 


3 


nBMA 


none 


4S 


4 


DBA 


none 


20 


5 


MMAABMA1:2 




50 


6 


MMAaMA2:l 


none 


60 


7 


MMA//BMA triblock (1:2) 


none 


60 


8 


nBMA 


10 % 2-«tho3^ethanoi^ 


60 


9 


nBMA 


10 % 2-butoxvetlianol^ 


100 



•Mcthaaylic add macomonomer (^H NMR: 950). 

bPfritnafgd hy nPT PwiattiH^ ic 'R hlnrlr' hftinnpftlymgr 

7eed time increased to 270 min 



EXAMPLES 10 ^14 
Metiiacrylate Ester Based Block Copolymers 
Preparation of Phenyl Methacryiate-6/0cA-Butyl Methacryiate 



20 A. Preparation of PhMA compound (2) 

Water 75 g 

SDS (1 vn% aq. solution) 3 g 

4,4'-azobis(4-cyanopentanoic add) 0.140 g 

Monomer Shot: PhMA 3.5 g 

25 MeCo(III)DEG 1 5.0 mg 

Monomer Feed: PhMA 3 1 .7 g 

MeCo(III)DEG 11.8 mg 



The water, initiator and SDS were combined and degassed under nitrogen in a 
30 multi-necked 250 mL reactor. The mixture was heated to SO^C and the monomer shot 
added immediatdy. The monomer feed was added over 90 min. The temperature was 
increased to SS^'C and held for a fiirther 90 min. 
GPC: Mn 1100 Mw 2400; Dispersity 2.18. 
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B. Preparation f PhMA-block-BMA 

niMAcompoiiiul (2) latex 03% solids)* 30 g 

Initiator Feed: K2S20g (0.2 wt%aq. solution) 56.8 mL 

Monomer Feed: nBMA 60 g 

S a 0> 90 min 0.25 mL^mn 

b. 90-180 min 0.50 mL/min 

The PhMA compound (2) latex (Mn 1 100. Mw 2400; Dispersity 2. 18) was 
10 heated to 80®C in a multi-neck 250 mL reactor under nitrogen for SO min. The 

initiator and monomer feeds were added concurrently over 180 min. Portions of SDS 

(1 g of a 10 wt% aqueous solution) were added hourly during the monomer addition. 

After monomer addition was complete the reaction temperature was increased to 85X 

and hdd for a fiirther 90 min. 
15 GPC: Mn 14500, Mw 33400; Dispersity 2.30 

Table 2. Methacrylic Ester Block Copolymers prepared by Emulsion Polymerization 





Example 




Block Composition^ 


M«»> 


Dispersity 




10 


PhMA 


nBKfA 


(PhMA)7//(iiBMA)94 


14500 


2J0 


20 


11 


MAA 


MMA 


(MAA)ii//(MMA)i4^ 


3010 


1.42 




12 


MAA 


nBMA<< 


(MAA)|i//(nBMA)22 


4030 


2.31 




13 


MMA 


nBMA 


(MMA)i9//(nBMA)46 


6700 


1.19 




14 


tBMA 


nBMA 


(tBMA)i7//(nBMA)24 


5780 


1.33 


25 


*fsiifnatnri from GPC 

^GPC (polystyrene equivalents) 









^10 % 2-butoxyethanol (see Table 1) 

* 

30 EXAMPLES IS -19 

Narrow Polvd ispersitv Polymers 

These examples illustrate the preparation of a polymer of relatively narrow 
poiydispersity by emulsion polymerization. Polydispersities (> 1 .5) are narrower than 
expeaed by normal poiymerizatioo with chain transfer (2.0). The poiydispersity 
35 typically narrows with increased monomer addition as shown in Table 3. To achieve 
narrow polydispersities it is necessary to control the rate of monomer addition to 
maintain relatively high % solids (typically in range 70-95%) and a constant monomer 
concentration. 
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Preparation fMeUorlMethaoylatc-^loeft-BatsiMetliaciyte^ 

A. Preparati n f MMAcompoand (2) 

Water ISOg 

SDS (3 wt% aq. soluti n) 6 g 

5 4,4 -az6bis(4-cyamipeiitaxiosc add) 0.280 g 

Monomer Shot: MMA 7 g 

MeCo(III)DEG 5 mg 

Monomo^ Feed: MMA 63.4 g 

MeCo(III)DEG 2.3 mg 

10 

The water, initiator and SDS were combined and degassed under nitrogen in a 
multi-necked 250 mL reactor The mixture was heated to 80X and the monomer shot 

added immediately. The monomer feed was added over 90 min. The temperature was 
increased to 85X and held for a fiirther 90 min. 
IS GPC: Mn 3500 Mw 5600; Dispersity 1.61. 
^HNMR: Mn3100 

B. Preparation of MMA-Abdfc-BMA 

MMA compomul (2) latex (33% solids)* 30g 

Initiator Feed: K2S2O8 (0.4wt % aq. solution) 28.4 mLf90 nun 

20 MonoiDerFeed: nBMA 20|/90iiiiii 

^firom Pait A 



The MMA compound (2) was heated to 80*'C in a multi-neck 250 mL reactor 
25 under nitrogen for 30 min. The initiator and monomer feeds were added concurrently 
over 90 min. The monomer and initiator additions were then repeated until a total of 
100 g BMA was added. Portions of SDS (1 g of a 3 wt% aqueous solution) were 
added hourly during the monomer additioa After monomer addition was conq>lete 
the reaction tenQ)erature was increased to 85X and held for 90 min. 
30 GPC: Mq 23800, Mw 33100; Dispersity 1.39 
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Table 3: Varution in Mofecnlar Weight and P lydispertity with Monomo* Addidon 

(compoand (2) « PMMA) 





ExaflBplc 


Monomer 


mononiero;) 






Mn(calc/> 




19 




u 




1 6 




< 








fiinfi /QTnn^ 

OJUU \7 /UU j 




9300 








■HI 






15500 








OU 


tTTnn fo^1n^^ 


A. .9 


21700 

AA r W 








fin 




1 3 

A. J 


27900 








inn 




1 A 
A.*V 


34500 


10 
















16 


MMA 


0 


1850(2100) 


L5 










K 8 




1 i 

A.*V 


4800 










A^n /<inn\ 












31.0 


it^At\ /iC€nn\ 
574U 


1 c 




13 






OJ.I 


tTVU (IIZUUI 


z. / 


A J^Ulf 




17 


MMA 


0 


3260 (3700) 


1.5 










11.8 


9900(11300) 


1.4 


10900 








19.0 


13700 (15700) 


1.9 


A90UU 


20 






35.2 


221(X) (25300; 


1.6 










52.9 


313(XI (35900) 


1.6 










65. S 


37600 (43200) 


2.1 


4oaUU 




to 
lo 


DMA 


n 
U 


innnC 


A.D 




25 






25.7 


6700 (7900) 


1.2 


8000 








33.6 


8400(9900) 


1.2 


9900 










IZiOO (l^^iA/j 


1 7 


iixnn 








59.8 


14900 {176(X)) 


1.2 


lOiUU 




• 




67.1 


16800 (198(X)) 


1.2 


1 ToriA 
IToOO 


30 






88.2 


18400 (21700) 


1.4 


22800 




20 


EHMA 


0 


2050C 


1.7 










20 


4900 


1.5 


4800 








40 


7100 


1.4 


7600 


35 






60 


10500 


1.3 


10400 








78 


11800 


1.3 


12900 



8GPC molecalar wdght in |X)ly59reiie equn^ 

in parentheses). Nuntos rounded to nearest luindred. 
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bMiKIaiooaiinl/CoQinpoiindQ^^ Discxqancies between 

5tii CT yatf»H and fiRmd Mn may xeflea precision of compound (2) oonoentcation. 
CMncfPMMA. 



EXAlilFLES20>21 

TriblPckCopolvmcrs 

These examples Olusdrale the synthesis of an ABA triblock copolymer The 
procedure is compatible with at 'one-pot* operation. 

10 Preparation of MMA-5focifc-BMA-£/iidfc*MMA. 

A. Preparation of MMA-Atodfc-BMA 

MMA compound (2) latex^ 30g 

SDS (3 wt%aq. solution) Ig 

Initiator Feed: (0.316 mUmin) K2S2O8 (0.36wt % aq. sdution) 40.8 g 

IS Monomer Feed: (0.218 mL/min) nBMA 25.2 g 

(♦ca. 32 % solids, Mn 2040, Diversity 1.51, prepared with iPrCo(III)DMG procedure 
samilar to Example 1 5, part A) 

20 The MMA compound (2) latex and SDS was placed in a multi-neck 250 mL 

reactor, degassed under vacuum, then heated to 80^C under nitrogen. The initiator 
and monomer feeds were added concurrently over 130 min. After monomer addition 
was complete the reaction was held at 80®C for 90 min. A shot of surfactant was 
added (Ig of 3 wt% aq. solution of SDS) at 60 min intervals. 

25 GPC: Mn 6650, Mw 8400; Dispcrsity 1.26. 

B. Preparation of MMA-6ibdk-BMA-Aiiicl:-MMA 

MMA-block-BMAoon4iouDd(2)latex* 30 g 

SDS (3 vn% aq. solution) 1 g 

Initiator Feed: (0.316 mLAnin) KaSiOg (0.36wt%aq. solution) 21Jg 

30 Monomer Feed: (0.119 mL/min) MMA 7.5 g 

(*ca. 32 % solids, from part A) 

The MMA compound (2) latex and SDS was placed in a multi-neck 250 niL 
reactor, degassed under vacuum, then heated to 80°C under nitrogen. The initiator 
35 and monomo- feeds were added concurrentiy over 68 min. After monomer addition 
was complete the reaction was held at 80**C for 90 min. A shot of surfactant was 
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added (1 g f 3wt % aq. solution of SDS) at 60 min intervals. The conversion based 
on % solids was 98%. 

GPC: Mn 12660, Mw 16590; Dispersity 1.35 



Table 4. Emulsion Triblock Copolymen 



pirnfnple StcptMonomcf 

20 1.BMA 
2:MMA 

21 1:BMA 
2:MMA 



Co mp os iti on Mn* Dispereily 

MMA 2040 IJl 

WSMMIock-BMA 6630 1^ 

MMA 3500 1.62 

MMA-Atodk-BMA 23800 1.39 



Block 
Mn* Dispcisity 
6650 1.26 
12660 I.3S 
23800 1.39 
26200 1.S2 



'<3>C (polystiyieiie equivalents) 



10 



15 



EXAMPLE 22 

'One Pot* Synthesis of (MMA-co-MAA)-W«:ifc-BMA 

These examples illustrate a 'one-pot' synthesis of compound (2) and block 
copolymer by emulaon polymerization. 

A. Preparation of MMA-co>MAA compound (2) 



Solution 1: 



Water 

MAA-6/odk-BMA 

iprCo(III)DMG 
WAKO VA-044 
MMA . 



120.00 g 
2 87g 

7 5 mg 
0 33 g 
40g 



20 Feed 1: 



MMA 

ipiCo(III)DMG 



42.14 g 
IS.Omg 



25 



Feed 2: 



MAA 

a. 0-20 min 

b. 20-40 min 

c. 40-60 min 



15.60 g 
0.137 mlVmin 
0.276 mlVmin 
0.356 mL/mm 



The MAA-6/bdt-BMA(staln]izer/sur&ctantywater mixture was heated to 
59?C in a multi-necked 500 mL reactor tmder nitrogen for 30 min. Solution 1 was 
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added and the monomer feeds were added concurrently over 60 min. On conq)letion 
f fhe monomer addition the reaction temperature was increased sloi^ to 
C^: Ma 880, Mw 1400; Dispersity 1.59 

B. Prepantion f (MMA-c0-MAA)-6/acft-BMA 



5 MMA/MAACon4)Ound21atex fiompartA 

MAA-fr/ocit-BMA 0.288 g 

water 9.3 g 

K2S2O8 0.224 g 

10 Initiator Feed: K2S2O8 (1 .25% aq. solution) 28.4 mL 

Monomer Feed: nBMA 12 g 



The MMA/MAA compound (2) latex from Part A was hdd at 8 0°C for 40 min 
IS under nitrogen. MAA-b-BMA (sur&ctant) was added and the reactor degassed for a 
fiirther 20 min. The initiator was then added as a single shot. The initiator and 
monomer feeds were added concurrently over 90 min. On completion of the feeds the 
reaction temperature was held at 80''C for 30 min and then increased to 85X for 90 
min. 

20 GPC: Mn 3090, Mw 5370; Dispersity 1 .74 

EXAMPLES 23 > 36 

Synthesis of block copolymers in solution 

25 The following examples illustrate the synthesis of block copolymers from 

methacrylate compoimds (2). 

Preparation of (MMA-c^MAA) -bhckSMA 

MMA-co-MAA Compound 2 (Mn 103 1; Dispersity 1 .53) 10.0 g 



xylene 30.0 g 

30 t-butyl peroxybenzoate 0.1 g 

Feed One: n-butyl methacrylate 10.0 g 

Feed Two: t-butyl peroxybenzoate 0.2 g 

35 xylene 10.0 g 
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The Gonq>ound (2) and inidat r were dissolved in the sotveot and heated to 
refiux under mtrogen. The monomer and inhiator feeds were added concunemly over 
ISOmia After completion of the feeds, the mixtion was heated mider refhix for a 
forther 180 nun. 
5 Conversion: > 9S%. 

GPC: Mn 1890, Mw2640; Dispersity 1.40 

Table 5. Solution Block Copolymers from Metbacylate Monomers 



Compound (2) ' Block 



Ex. 


Mem. 




Solvent 




M„ 


Disp. 


Mn 


PisP- 


23 


hBMA 


46 


iPKXI 


MAA9 


880C 




2400<* 


1.50 


24 


nBMA 


46 


iPiOH 


MAA9 


880^ 




3050*' 


1.53 


25 


nBMA 


46 


EtOH 


MAA9-C0-BMA5 


1620^ 


2.2 


2320^ 


2.47 


26 


BzNdA 


47 


iPiOH 


MMA2(rCoMAA5« 


2460** 


1.23 


6020>» 


1.63 


27 


BzMA 


47 


iPiOH 


MMA10-CO-MAA5 


1600h 


1.71 


5520*> 


1.80 


28 


BzMA 


47 


iPiOH 


BMA|o-co<-MAA5 


2040h 


2.56 


6070^ 


1.69 


29 


BzMA 


47 


iPiOH 


EHMA|o«oo-MAA5 


1900h 


1.62 


4020h 


1.61 


30 


mma-bma' 


46 


iPiOH 


MAA9-CO-BMA5 


1620^ 


2.2 


2950* 


1.81 


31 


mma^ma' 


46 


iPiOT 


MAA9<^/ocl;-BMA5 


2400^ 


1.50 


2790* 


1.85 


32 


mma-bma^ 


46 


iPiOH 


MAA 






3060h 


1.64 


33 


MMA 


46 


iPrOH 


HEMAii 


1550«> 




3620* 


1.83 


34 


mma 


48 


xylene 


MMA<o-MAA 


103 1^ 


1.53 


2640*> 


1.40 


35 


nBMA 


23 


xylene 


MMA 


890^ 


1.97 


I340*> 


1.78 


36 


mma 




BAG 


MMA-co-MAA 


1031^ 


1.53 


2068»> 


1.38 



*R «"iecq)e\ similar to that of the Example referred toby ni^ All reactions were carried out 



at reflux. Conversions were typically >85% 
(polystyrene equivalents). , 
%omNMR. 

^CPC (PMMA equivalents). 

^ConqxHmd (2) prepared by etrmlsion polymerization. 

^1 : 1 inole ratio oonumomers. 



10 

EXAMPLES 37-45 

Synthesis of block copolymers in solution 

For monosubstituted monomers higher block purity is found when higher 
reaction temperatures are used. At low temperatures graft copolym^ formation may 
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donunate. X^ae and Inityl acetate or other soh^entswilhsu^^ 
preferred for block symhesese with monosubstituted monomers. 

PreparatioB of (MMA-ca-MAA)-M0dk-BA 

C mpound 2 (Mn 1031; Disper^ 1.S3) 8.88 g 

5 X^ene 37.8 g 

t-butyi peroxybenzoate 0.1 g 

n-butyl actuate 1.6 g 



Feed: t-butyl peroxybenzoate 0. 16 g 

10 n-butyi acrylate 9.S g 

The compound (2) and initiator were dissolved in the solvent and heated to 
reflux under nitrogen. The monomer and initiator feed was added over 180 min. 
After completion of the feeds, the mixture was heated under reflux for a fiirther 180 
IS min. 

Converaon: > 95%. 

OPC: Mn 1760, M^ 2710; Dispersity 1.54 

Table 6. Solution Block Copolymers from Monosubstituted Monomers 



Compound (2) Blodc 



Ex. 


Mon. 


R« 


Solvent 


Composinon 


Mn 


Disp. 


Mn 


Disp 


Purin* 


37 


BA 


37 


xylene 


MMA<o-MAA 


1031<1 


1.53 


1760^ 


1 54 


>80% 


38 


BA 


46 


iPiOH 


MAA9 


880C 




2620^ 


2 45 


>50%c 


39 


BA 


37 


BAc 


MMA<o-MAA 


103 1<* 


1.53 


2683** 


I 76 


>80% 


40 


BA 


23 


xylene 


MMA 


S40«* 


1 97 


2\Wf 


2 05 


>70% 


41 


S 


46 


iPiOH 


KfAA 


880^ 






2 10 


>50%c 


42 


S 


37 


BAc 


MMA 


1640** 


2.22 


2530^ 


2.37 


>70% 


43 


S 


37 


BAc 


nBMA 


1050^ 


2.04 


4650<^ 


2.79 


>70% 


44 


S 


37 


BAc 


tBMA 


2620d 


2.62 


3620^ 


2.20 


>70% 


45 


S 


23 


xvlene 


MMA 


840^ 


1.97 


1780^ 


2.04 


>70% 



20 ap « "ryppr", gimilar tft that of the Example referred to by mimber All reactions were cariied out at 
lefUix. Conversions wcxe typically >85% 
bfinom oompahson of GPC and NMR molecular weights 
%omNMR 

*kPC (polystyrene equivalents) 
25 ^evidence of leducd block copolymer iiarmation 
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EXAMPLE 46 

Prepanti n ofMAA-^/ocft-BMA 

methacrylic add Compound 2* IS g 

isopropan 1 62.8 g 
S azobisOsobutyronhrile) 0.32 g 

acetone 2mL 

Feed: n-butyl methacr^ate 14.3 g 

«(MAA ocimpoimd (2) having Mn 1040 and Dispenity 1.90). 

10 

The compound (2) and solvent were heated to reflux (ca. 80X) under 
nitrogen. The initiator (dissolved in acetone) was added as a single shot and the 
monomer feed added over 1 80 min. After 90 min the initiator was replenished (0. 16 g 
AIBN/ 1 mL acetone). After completion of feed the mixture was heated under reflux 
15 forafiirther ISOmin. 
Conversion: > 87 % 

GPC: Mn 2580, Mw 4900; Dispereity 1.90. 



20 EXAMPLE 47 

This example shows the successfiil 20-fold scale up of Example 46. 
Prepantion of MAA*Mocitr-BMA 

methacrylic add compound (2)* 200 g 

isopropanol 1 000 mL 

25 azobis(isobutyronitrile) 4.01 g 

Feed: (1 mUmin) n-butyl methacrylate 326.1 g 

♦(M[nfiomNMR1204). 

30 

The compound (2) and solvent were place in a 2 L muitinecked flask equipped 
with mechanical stirrer, degassed, and heated to reflux (ca. 80**C) under nitrogen. The 
initiator was added as a single shot and the monomer feed commenced. At ca. 90 min 
intovab the initiator was replenished (2 g shots of AIBN). On completion of feed, 
35 the mixture was heated under reflux for a further 150 min. 
Conversion: > 95 % 

GPC: Mn 3532, Mw5102; Dispcrsity 1.45 
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|3^MP^E48 

Tfais example illustrates the syntheas of hydrophilic-hydrophobic block 
5 copolymers based on methacyiate ester-methacrjdic acid copolymers by solution 
polymerization. 



A* Preparation of MAA-co-BMA Compound (2) 



15 



Isopropuml 


20.06 g 


MAA 


1.21 g 


nBMA 


3.86 g 


2,2*-azobi$(24mtanenitiile) 


0.25 g 


Shot: IPiCo(III)DMG(035«l%inisoprppanol) 


7.5 mL 




0.140 g 


Feedl: (0.128 mL/iiim) IPiCo(m)DMG (0 J3 wt% in isopropanol) 


30.7 mL 


Feed 2: (0.224 mL/nun) MAA 


11.40 g 


dBMA 


37.85 g 



20 

The isopropanol was degassed under nitrogen in a multi-necked 250 mL 
reactor equipped with a mechanical stirrer. The monomers were then added and the 
mixture and heated to reflux (SO^'C). The shot was then added and the feeds added 
over 240 min by syringe pumps. Further initiator (0. 125 g) was added at 120 min and 
25 240 min. On completion of the feeds the temperature was held at SO^'C for 90 min. 
The conversion based on % solids was > 85%. 
NMR conqiosition: MAA5-co> BMA] i 

GPC(PMMA equivalents): • Mn 2040, Mw 5210; Dispersity 2.56 

B. Preparation of MAA-co-BMA-6/ocA-BenzylMethacrylate 
30 MAA-co*nBMA compoimd (2) 

sohition* (60 wt% in isopropanol) 30.0 g 

isopropanol 9.98 g 

2,2'-azobis(2-butanenitrile) 0.092 g 

35 Feed: (0.202 mUmin) BzNfA IS.Og 

isopropanol IS.Og 

^firomPait A 
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The compound (2) solution and isopropan 1 were placed in a multi-neck 250 
mL react r fitted with a mechanical stirrer, degassed then heated t 80X under 
nitrogen. The initiat r was added and the monomer feed commenced and added over 
180 min by syringe pump. Further aliquots finitiator were added at 90 min (0.049 g) 
S and 180 min (0.087 g). The reaction was held at 80T for a fiirther 90 min. The 
conversion based on % soHds was >94%. 

NMR composition: MAA5-C0- BMAi i-block-BzMA20 

GPC(PMMA equivalents): Mn 6070. Mw 9770; Dispersity 1.61 



10 



15 



20 



EXAMPLE 49 

This example illustrates the synthesis of a hydropUlic-hydrophobic block 
copolymer based on HENfA by sobtion polymerization. 

A. Preparation of Hydroxyethyi MethacryUte Compound (2) 





Water 


75 g 


Shot: 


HEMA 


3.5 g 




iPiCo(III)DMG 


4iiig 




4,4'-azobis(4-cyanopeiitanoic acid) 


0.140 g 


Feed: 


HEMA 


31.7 g 




iPiCo(III)DMG 


4.4 mg 



The water was degassed under nitrogen in a multi-necked 250 mL 
25 reactor equipped with a mechanical stirrer and heated to 80°C. The initial shot was 
then added and the momomer feed was added over 90 min by syringe pump. On 
completion of the feed further initiator (0.070 g) was added and the temperature was 
heldat 80°Cfbr 180min. The conversion based on % solids was > 90%. NMR: Mn 
1550 

30 B. Preparation of Hydroxyethyi Mcthacrylate-*toc*-McthyI Methacrylate 

HEMA compound (2) sohition (30% in water)* 30 g 
isopropanol 40 g 

azobisisobuyronitrile 0. 19 g 

35 Monomer Feed: HEMA lS.5g 

•from Part A 
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10 



The HEMA compound (2) and isopropanol were placed in a nmU-neck 2S0 
mL reactor fitted whh a mechanical sdirer, degassed under vacuum, then heated to 
80^C under nitrogen. Theiiutiat r was added and them nomer feed commenced and 
added over 120 min by syringe pump. Further aliquots of initiator were added at 90 
min (0.09 g) and 180 min (0.07 g). The reaction was held at 80°C for a fijrther 90 
min. The conversion based on % solids was > 90%. 
GPC: Mn 3620, Mw 66S0; Dispersity 1.83 



TUs procedure illustrates the preparation of blocks fit>m compoimds (2) 
prepBied with addition-fi:agmentation transfer agents in emulsion polymerization. Use 
of these reagents allows a wide range of end-group iimctionality to be introduced into 
the final produa. 

The recipe is compatible with a one-pot synthesis of block-copolymer fit>m 
transfer agent and monomers. 

Preparation of Methyl Methacrylate-6/odk-Butyl Methacrylate 



EXAMPLES S0-S2 



,CH2— S-C(CH3)3 



,CH2-S-C(CH3b 



C02a 




(5) 



A. Preparation of MMA conpound (2) 



20 



Water 

SDS (3 % aq. solution) 



37.5 g 
3g 



25 



Shot: 



MMA 

allyl sulfide 4 

4,4'-Bzobis(4-cyanopentanoic add) 



1.56 g 
0.078 g 
0.071 g 



Feed 1: (0.188 mL/min) MMA 



allyl sulfide 4 



14.04 g 
0.668 g 



30 Feed 2: (0.188 mL/min) MMA 



5g 
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The water, SDS were combined and degassed under vacuum in a multi-nedced 
250 mL reactor equipped with a mechanical sturer. The mixture was heated to 80^C 
imder nitrogen and the shot added. Feed 1 was added over 80 min by syringe pump. 
Feed 2 was then added ver28min. On con^letion fthe feeds the temperature was 
5 heldat80*'Cforafiirther90nun. The conversion based on % solids was 98%. 
GPC: Mn SS20 Mw 8770; Dispersity 1.59. 

B« Preparation of MMA-block-BNUL 

MMA compound (2) latex 27. 1 g 
(ca. 32% solids)* 

10 SDS (3 % aq. solution) 1.0 g 
Initiator Feed: (0.316 mUmin) K2S2O8 (0.36 wt % aq. solution) 23.7 g 

Monomer Feed: (0.218 mlimin) nBMA 15.5 g 

15 

from Pan A 



The MMA compound (2) latex and SDS was placed in a multi-neck 250 mL 
reactor, degassed under vacuum, then heated to 80*^0 under nitrogen. The initiator 
20 and monomer feeds were added concurrently over 70 min. After monomer ad^tion 
was conq)lete the reaction was held at SO'^C for 90 min. The conversion based on % 
solids was 98%. 

GPC: Mn 12600, Mw 17200; Dispersity 1.36 
25 Table 7* Block Copolymers by Emulsion Polymerization 



Transfer * Compound (2) Block 



Example 


Monomer 


Agent* 


Composition 




Disp. 




Disp. 


50 


nBMA 


4 


MMA 


5520 


1.59 


12600 


1.36 


51 


MMA 


4 


nBMA 


5300 


L57 


7300 


1.43 


52 


nBMA 


5c 


MMA 


5450 


L57 


24700 


1.46 



sConqxnmd (2) prepared with addition-fragmentation transfer agent indicated. 
^GPC (pbtysiytcac equivalents). 
^Coiqxiund (2) synthesis canied oat at 90°C 



EXAMPLES S3. 56 

This procedure illustrates the preparation of blocks from compounds (2) 
prq>ared with adifition-firagmentation transfisr agents by solution polymerization. Use 
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of these reagents allows a wide range of monomers to be used and permits various 
end-group functionality to be introduced into the final product. 

Preparation of Styrene-Alcicft-p-methylstyreae 
A. Preparation of Styrene compound (2) 

5 Styrene 30.10 g 

But^ acetate 10.03 g 

all]4 sulfide 4 1.63 g 



10 



Feedl: (0.210 mUmin) 



Feed 2: (0.063 mL/min) 



Styrene 39.98 g 

allyl sulfide 4 6.67 g 

l,r-azobts(4-cyclohexanecarbonitrile) 0.283 g 

Butyl ac^te 20.01 g 



IS The styrene solution was degassed under nitrogen in a muki-nedced 250 nL 

reactor eqiupped with a mechamcal stirrer. The mbcture was heated to refiux (125^C) 
imder nitrogen and the feeds added over 240 min by syringe pump. The compound 
(2) was isolated by two precipitations into addified methanol The conversion based 
on isolated compound (2) was 50%. 

20 GPC: Mn 1880 Mw 2950; Dispersity 1.57. 

B. Preparation of Styrene-Abclr-p-Methylstyrene. 

Styrene conqxiund (2)* 4.02 g 

Butyl aoetate 3.53 g 

p-Mcthylstyrenc 0.46 g 
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Initiator Feed: (0.0177 mL/min) ' l,r-azobis(4-cyclohexanccaibonitrile) 0.108 g 

Butyl acetate 25.13 g 

Monomer Feed: (0.0132 mL/min) p-Methylstyrcne 19.01 g 

'fiooiPait A 



The styrene compound (2) and butyl acetate were placed in a multi-neck 100 
mL reactor imder nitrogen and heated to reflux (ca. 125'*C). After 10 min, the p- 
35 methylstyrene was added. The initiator and monomer feeds were then commenced 
and added over 24 h. The conversion based on monomer consumption was 84%. 
GPC: Mn 9500, Mw 24620; Dispersity 2.59 (includes compound (2) peak) 
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Table 8. Styrene Block Copolymen by Siriution PolymerizatioD 



Transfer CompoandQ) Block 



Rxamplc 




Agent* 




Disp. 




Disp. 


S(dvenl 


%Conv.« 


53 


pMS 


4 


1880 


1.59 


17260 


1.61 


BAc 


90 


54 


nBMA 


4 


1880 


1.59 


9120 


1.43 


MEK 


80 


55 


nBMA 


4 


1880 


1J9 


17930 


1.62 


BAc 


60 


56 


nBMA 


5 


2330 


1.55 


16870 


1.42 


MEK 


50 



K^mipoitnd (2) prqsaied with addition-fiagmentatm 
^GPC (polys^iene equivatents). 

^approxoonvBsion of compound (2) to bloGk. KfononiBroonvefsianis>85%. 



5 EXAMPLES 57-64 

These examples describe a generalized process for the preparation of narrow 
polyduq^ersity block copolymers and homopolymers by solution polymerization using 
vinyl conqxiunds (2) sdected from methaciylate dimers and trimers. 

The general procedure for the polymerization is to slowly add the 
10 sdected monomer(s), (0, and free radical initiator (vi) to the unsaturated transfer 
agent (2) at a rate to avoid excessive buildup in monomer concentration. A small 
amount of monomei<s) can be added to the transfer agent before the start of 
polymerization. 

The polymerization reaction is started by heating the reactor containing (2) to 
15 the desired temperature and starting the gradual and continuous feeds of monomer(s) 
and free radical initiator. 

The length of the polymerization time is dependam upon the 
temperature chosen and the molecular weight of the polymer desired. Higher 
tenq)eratures allow for frister monomer feed rates and shortened times. 
20 The choice for initiator depends upon the temperature used. It is convenient 

to add the initiator either in a solvem or mixed with some of the monomer(s) by means 
of a controlled rate feeder pump. When no solvent is used, the polymerization runs 
under bulk conditions at a well controlled rate. 

In this process, the amount of initiator does not fimit the polymer molecular 
25 weight Reaction of unsaturated ends of (2) controls the degree of polymerization. 
The total number of moles of fiw radical imtiator is generally set to be less than 15- 
20% of the number of moles of (2) used in the process. 

The following Tables iOustrate some of the spedfic polymers and 
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have been practiced using this procedure. 



Table 9: Solution Proceu Conditions 



Ex. 
57 



59 



Vmyi 
Tiansfer 
Agent 



Monomerfs) 





MMA 


100 gm 


500 gm 


j¥iraA3 


10*70 




GMA/CHMA 


90 gm 


1400 gm 


MMA3 






322 gm 


50 gm 


50:50 




MMA/BMA 




710 gm 


MMA3 


30:70 




GMA/MMA 


200 gm 


1115 gm 


GMA2 


15.6:84.4 




GMA/MMA 




1460 gm 


GMA2 


12:26:62 




IHMA/GMA/MMA 




557 gm 


GMA2 


23:20:57 




BMA/GMA/MMA 




755 gm 


GMA2 


10:32:58 




IBMA/GMA/MMA 




4551011 



Ten^ 



60 



60 



60 



100-132 



120 



130 



120 



140 



Polymffii7 



VAZ052 
4.29 gm 
300mlEAc 

VAZ052 
13.1 gm 
386ml£Ac 

VAZ052 
10.4 gm 
290ml£Ac 



VAZ0 88 

12.5 gm 
228 ml BAc 

VAZ0 88 

21.7 gm 
346 ml BAc 

VAZ088 

11.6 gm 
204 ml BAc 

VAZ0 88 

12.8 gm 
203 ml BAc 

t-butyl- 
6.8 gm 



29.8 



30 



29.4 



9.7 



16.6 



113 



24 



9.9 



25gmMMA 
at son 



36 gm 

monomer mix 
atitait 

16gmGMA 
at start 

add GMA then 
MMA/BMA mix 



50 gm 



at start 
15 gm 



at start 
5gm 

atsiart 
2gm 



mix 



at start 
13 gm 



at start 



Table 10 summarizes the polymerization illustrated in Table 9. 
Table 10: Summary of Narrow Polydispersity Polymers Made by Solution Process 



pimple 


[ PolymffL££Sa!22&2S 


MnrtivGPO 




57 


MMAn 


2700 


1.58 


58 


MMA2//GMAmCHMAnMMAp//MMA 


4970 


1.44 


59 


MMA2//GMAKn//MMAi|BMAp//MMA 


6800 


1.48 


60 


MMA2//GMA|i|MMAd//MMA 


2170 


1.44 


61 


Q^/MMAmGMAn//GMA 


3360 


1.45 


62 


C»fA//MM>^IBMAn GMA^/GMA 


3420 


1.3 


63 


GMAZ/MMi^nBMAn GMA|//GMA 


4560 


1.49 


64 


GMA/ZMMAmBMAf, CMAp//GMA 


2880 


1.45 
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